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Abstract 
Nowadays, advanced plant fiber reinforced composites have captured the attention of many important manufacturing sectors such 
as the construction, automotive, and packaging industries. Recently, Jute fiber reinforced composites have replaced the most 
widely used synthetic fiber (glass, kevlar) reinforced composites in many applications. However, only few studies have been 
done on the tribological behavior of woven Jute fabric reinforced polypropylene composite material. In the present experimental 
endeavor, compression molding is used for the preparation of Jute-reinforced polypropylene composites. The effect of Jute fabric 
reinforcement on the resulting composite’s behavior under friction was investigated. The tribological behavior was assessed with 
a computerized pin-on-disc wear and friction tester at an operating dry condition and different working parameters of sliding 
speed (1–3 m/s), applied load (10–30 N), and sliding distance (1000–3000 m). SEM has been utilized to support the discussion of 
the outcomes. The results revealed that, the  addition  of woven Jute fabric  into PP matrix increases the wear resistance 
properties of polypropylene based composites as there was 3.5 - 45%  reduction in coefficient of friction values  and a decrease 
by 65% in the r specific wear rate  on account of the incorporation of the Jute fabric as reinforcement. 
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1. Introduction 
There has recently been an expanding demand for new materials with high performance at affordable cost. Over the 
past decade, rising environmental concerns and international treaties along with the resultant changes in the content 
of governing policies have boosted interest on natural fibres in various fields [1, 2]. 
 
Natural fiber reinforcements in the form of short fiber, filament, or fabric have become better alternatives to 
synthetic fibers as reinforcements, due to their high flexural modulus and strength as well as impact strength and 
modulus. They cost less, are lighter in weight, lower in density and higher in specific strength as well as renewable, 
non-corrosive and easier to manufacture. These, and their biodegradability have helped in their widespread 
application including in the automotive, aerospace, and transportation industries [3-6]. 
 
The biodegradability of natural fibers is well in line with the demands of a healthier environment, while their high 
performance and affordable cost satisfies the economic benefit of industries. Pineapple leaf, oil palm fiber, hemp, 
sisal, Jute, kapok, rice husk, bamboo, and wood are some natural fibers most commonly used as reinforcing 
materials in polymer composite industry [7]. Of all the plant fibers, Jute is most useful, commercially available, and 
inexpensive, that can be moulded into different shapes [8].  
 
Fabrics are mainly used with tribological mechanisms such as seals, cams, and bearings because their higher thermal 
as well as dynamic mechanical stability, higher strength and rigidity as well as suppleness [9]. These days, 
polypropylene (PP), polyethylene, and poly (vinyl chloride) dominate as matrices for natural fibers. Polypropylene 
(PP) is extensively used as advanced composite matrix because it is cheap, strong and easily processable, while 
polypropylene-based lining material is now in use owing to its superiority in resistance to wear [10]. 
 
 Increasing applications of polymeric composites for various mechanical parts including gears, wheels, clutches, 
bush bearing, and artificial prosthetic joints require adequate knowledge of their tribological properties, which are 
different from much better understood tribological properties of metals and ceramics. Natural plant fiber reinforced 
polymer composite components can be applied in many situations for tribological loading conditions. An important 
part of tribology deals with materials selection and surface processing in as much as they affect wear and tear. A 
good grasp of interacting surfaces is a must for their optimal functioning, long-term reliability of components and 
devices, and for economic viability. Work is now in progress to improve the composite’s coefficient of friction and 
sliding wear, since 90% failure in mechanical parts are as a result of tribological loading [9, 11-15]. 
 
Plant fiber reinforced composites are rapidly substituting synthetic materials in many applications, mainly in 
automobile manufacturing, where less sliding wear and coefficient of friction are important. Also, over the last 
decade, research has been conducted on sliding properties of natural fiber reinforced composites [5, 6, and 16-21]. 
By contrast, only few studies have been conducted on the sliding behavior of woven Jute fabric reinforced 
polypropylene in the order of El-Sayed et al. [22].  They investigated the tribological properties of Jute fiber 
reinforced polyester resin composite demonstrating that increase in fiber volume fraction increased the coefficient of 
friction of the fabricated composite while it decreased the wear rate. Chand and Dwivedi [10] studied coupling agent 
effect on abrasive wear properties of polypropylene reinforced with cut up Jute fiber.  They concluded that adding 
MA-g-PP coupling agent had a considerable influence on wear resistance and that using coupling agent shows 
higher wear resistance as in comparison to not using.  
 
To the knowledge of this author, no published paper is available on the study of sliding properties of Jute fiber – 
particularly, on the woven Jute fabric mat reinforced polypropylene matrix composite. Hence, given the marvelous 
advantages and opportunities related to Jute fabric reinforced polymers, there is a need to further examine the effect 
of Jute fibre reinforcement on the tribological characteristics of polypropylene based composites. Therefore, the aim 
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of the present study is to look into the effect of the Jute fabric reinforcement on the sliding wear and friction 
characteristics of the resulting composites. 
 
2. Materials and Experimental Details 
2.1. Materials 
The basic raw materials utilized to prepare the experimental composites are Polypropylene (PP) pellets as matrix 
material and Jute fiber (in the form of woven fabric mat) as reinforcement. The Polypropylene (PP) was supplied by 
the Reliance Industries Limited, ParcChembur, Mumbai, India, in the form of homo polymer pellets .The polymer 
has a density of 0.905 g/cm3 at room temperature.  The melting temperature (Tm ) and melt flow index   are of 165°C 
and 10.5 g/10 min respectively. The Jute fiber in the form of woven fabric was procured from Women Development 
Organization (WDO), Dehradun, Uttarakhand, India.  
 
2.2. Preparation of PMC 
Initially, polypropylene sheets of size 150x80mm x1mm were prepared by melting and compressing pre-weighed 
polypropylene pellets on a compression mould set up, which consists of a mould set with heating arrangement. The 
woven Jute fabric and the polymer sheets were arranged one over the other in the mould. And the woven Jute fabric 
was kept between the two polymer sheets. To prevent sticking of polymer sheets to the mould plates, 2 mm 
thickness Teflon sheets were used on the top and bottom of the mould plates. The melting temperature of Teflon 
sheet is too high as compared to the functioning temperature of PP. The materials were then hot-pressed for eight 
minutes in a 165ºC temperature and pressure of 4MPa. At this temperature, PP melts and impregnates Jute fabric, 
and compaction occurs. Later, pressure was increased by 2MPa for 2 minutes before the composite was left to cool 
down under pressure. Finally, the composite laminates were removed from the mould at a temperature of 80ºC. The 
schematic of the composite fabrication process is shown in Figure 1. 
 
 
Figure 1.Schematic of PMC fabrication process 
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2.3. Morphological Characterization  
Morphological observation of specimens was done at room temperature using model XL 30, Philips Scanning 
Electron Microscope (SEM). In order to boost conductivity right before the taking of micrographs the specimen was 
painted with a thin film of gold using Sputter Coater.  
 
2.4. Sliding Tests 
The wear and friction behaviour of the fabricated PP/Jute fabric composites was investigated using a pin-on -disc 
tester. It was a computerized rotating disc friction and wear tribometer (TR201LE-M8: Ducum India).The 3D 
drawing for sliding direction of the specimen and pin-on-disc tester are shown in Figure 2 (a) and (b) respectively. 
 
 
  
 
Figure 2. 3D Drawing  for (a) Specimen sliding direction; (b) Pin-on- disc set up 
 
 
 
Sliding takes place with the agreement of ASTM G-99-55 standard procedure; a ground hardened steel disc (EN-31, 
steel hardened to 62 HRC, surface roughness 1.6 mm Ra) counter face with 100mm diameter and 8mm thickness 
was used. The composite specimens with fibre loading 40% of size 10*05*05mm3were machined (cut using band-
saw) from the fabricated composite laminates. Initially to reduce running-in period, and maintain initial roughness, 
disc surfaces and prepared wear specimen were rubbed with wet or dry SiC abrasive paper of grit sizes 1500 and 
2000 respectively. Then, the sliding specimens and disk counter face, having been cleaned with acetone and dried 
up, were made ready for testing. Table 1 shows testing parameters for sliding parametric conditions. Readings are 
taken through a data acquisition system controlled by a microprocessor. Each of the tests were carried out trice with 
the view to ensure reliability of test results. 
2.5. Density measurement 
The actual density (ρact) of the fabricated composite specimen was obtained by immersion in Kerosene. But the 
theoretical density (ρth)   was found using density and weight fraction relationship [11]. 
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                                                            (1) 
 
Where  is matrix weight fraction, is fiber weight fraction,   is fiber density, and  is matrix density.  
 
The content of voids present in the fabricated composites was found as per ASTM D-2734-70 standard 
procedure. The voids volume fraction ) was computed with the following equation: 
 
                                                                                       (2) 
 
 
Table 1. Sliding parametric conditions 
Specimen Abbreviation Jute fabric 
loading (%) 
Applied Load 
(N) 
Speed (m/s) Distance 
covered (m) 
Polypropylene PP 0 10 
20 
30 
1 
2 
3 
3000 
3000 
3000 
Jute/Polypropylene  J/PP 40 10 
20 
30 
1 
2 
3 
3000 
3000 
3000 
 
2.6. Coefficient of friction  
The coefficient of friction was initially recorded with a load sensor which was connected to the computer for 
recording the readings. 
Friction coefficient:                                (3) 
 
Where, is the force of friction (N), and is the applied load (N). 
2.7. Specific wear rate 
Weight of the specimen before and after conducting experiment was recorded through an electronic mini- balance 
(Shimadzu made in Japan, AUW, model 220D) which has least count of   0.01 mg. Following is the relation used 
to calculate the wear rate:   
 
 Wear rate:   (mm3 /mm)                                      (4)     and  
 
The specific wear rate was also evaluated using the equation below 
 
A Specific wear rate: Ks= (mm3 /N-mm)                   (5) 
 
  Where isthe mass loss recorded during test (g), ρis the specimen density in (g/cm3), L is total distance travelled 
while sliding (m), and  is applied load (N).  
407 Temesgen Berhanu Yallew et al. /  Procedia Engineering  97 ( 2014 )  402 – 411 
3. Results and Discussion 
3.1. Density 
 
Both experimental and theoretical densities of the fabricated composites are shown in Table 2.The small variation 
between the actual and theoretical densities shows an indication of voids and pores in the fabricated composite.The 
voids’ fraction mainly depends on the fabrication technique of the composite. 
Table 2. Density of fabricated composite specimen 
Fabricated Composite Specimen Calculated 
(Theoretical) 
density (g/cm3 ) 
Experimental 
(Actual) 
density (g/cm3 ) 
Void volume 
fraction 
(%) 
Jute/Polypropylene 1.030 1.018 1.185 
    
 
 
3.2. Friction force and coefficient 
 
The tribo-testing values for neat PP and Jute/PP composite specimen were recorded at various sliding speeds and 
applied loads for a total sliding distance of 3000 m.From the observation and numerical values in Figure 3, it can be 
clearly seen that steady state values of friction force have achieved shortly after the beginning of the experiment. 
 
 
Figure 3. Variation of friction force  against the sliding distance for (a) Neat PP at 3m/s; (b) Jute/PP at 3m/s 
 
At an applied load of (30 N) and sliding speed (3 m/s), the neat PP and PP/Jute fabricated specimen has shown 
higher friction force values. Variations of coefficient of friction and specific wear rate with sliding speeds (1,2 and 
3m/s) and applied loads (10, 20, and 30N) for total sliding distance of 3000m are depicted in Figure 4 (a) and (b) 
respectively.  
 
Generally from the coefficient of friction values in Figure 4, it can be concluded that coefficient of friction decreases 
as both the sliding speed and applied load increases, similar trends were shown by other authors [6, 9, and 11]. Most 
of the time, sliding wear and friction characteristic of polymer matrix composites (PMCs) have to be described with 
operating variables of sliding speed, sliding distance and applied load and temperature. Surface temperature has a 
considerable role in the sliding wear and friction of polymers, thermal softening can cause to an increase in wear 
intensity [23]. The decrease in coefficient of friction with the increment of load applied shows, when the load 
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applied is increased during sliding, the temperature between the specimen and counter face contact rises. This may 
be the likely mechanism behind the reduction in coefficient of friction values. 
 
 
 
Figure 4. Friction coefficient against appliedloadfor a) Neat PP; b) Jute/PP 
 
 
The formation of thermal gradients due to non-uniform temperature distribution creates thermal stresses in the 
sliding specimen, thus thermal stresses weaken the natural fiber  and matrix adhesion which causes fibers to be slack 
and easily shearable as a result of the repeated axial thrust while sliding .Easy pull out and fiber detachments during 
sliding lowers the coefficient of friction. Generally, the nature of friction coefficient depends on the speedy 
emergence of a boundary film thin polymer at the fiber matrix bond as well as on its behavior. At the start of the test 
with lower load the coefficient of friction increases as a result of mechanical interlink at the interface between fiber 
matrixes. At higher loads, the deformation of polymer debris kicks off and a layer of thin polymer film tend to cover 
a cross section of the fiber, reducing the coefficient of friction [6, 11, and 13]. 
 
3.3. Specific wears rate (SWR) 
 
The effect of applied load and sliding speed on specific wear rate for neat PP and woven Jute fabric/PP composite 
specimens is shown in Figure 5 (a) and (b) respectively. It shows an increase in specific wear rate with an increase in 
applied load for both polypropylene and Jute/PP fabricated composites.  It has been observed that the wear rate of 
the neat polymer and composite increases with normal load irrespective of its sliding velocity. The increase in 
specific wear rate (SWR) with the increase in applied load implies higher rate of specimen weight loss. Similar 
results have been reported for polymer matrix composites (PMCs) [11]. 
 
 
Figure 5.Variation of specific wear rate against applied load for (a) neat PP; (b) Jute/PP 
 
During testing at 30N load, change of PP specimen shape has been observed, the distortion and loss of dimensional 
stability might be as a result of the repeated high axial trust while sliding. The poor tribological performance of 
polymers in general can be related to their visco-elasticity and thermal properties. Sliding contact of specimen and 
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counter face results in the generation of heat at asperities, which in turn increases the temperature at the interface. 
Thus, softening of specimen, rapid film formation and removal process occurs during sliding. But for the fabricated 
Jute/PP composite, no such distortion was observed, because of the composites integrity to maintain its shape at the 
resultant temperature. As a result, the specific wear rate of the Jute/PP composite is much lower than the neat PP. 
This confirms that the incorporation of wove Jute fabric fiber has enhanced the sliding performance of 
Polypropylene [11, 16]. 
 
3.2. SEM observation 
 
During sliding, fibers endure most of the load applied, as a result of this, interfacial fatigue or debonding may occur 
in the fibrous regions. In addition, if there is no proper stress transfer, fiber crack occurs which indicates the strength 
of the fiber is less than maximum stress. The difference in modulus between the polymer and the fiber may 
contribute to the stress concentration. 
 
The microscopic observation of worn specimens of neat PP and Jute /PP composite at different working conditions 
are shown. The neat PP surface shows smooth appearance with small scratches congruent with the sliding direction 
(Figure 6). Whereas the Jute /PP composite shows a relatively huge pile of wear produced by fracture events of 
brittle surface; (Figure 7).  The pronounced mechanisms to wear loss and deterioration of the composite specimen 
may be predominated due to matrix wear, fiber fracture, fiber-matrix debonding, micro ploughing, and fiber removal 
and these mechanisms are more intense with the increase of applied load. 
 
 
 
 
Figure 6. Micrograph of worn neat Polypropylene specimen at  a)10N and 3m/s; b)20N and 2m/s; c) 30N and 1m/s. 
 
 
410   Temesgen Berhanu Yallew et al. /  Procedia Engineering  97 ( 2014 )  402 – 411 
More scratches can be seen (Figure 7. (C)) in the worn surface due to the higher plastic deformation at 30N applied 
load than at 20 and 10N. Perhaps, a possible explanation is that the relatively higher applied load has increased the 
contact temperature, resulting in a significant decrease in the sliding layers’ shear strength. This would definitely 
cause the polymer matrix to undergo a considerable plastic deformation, a resultant flow of matrix plastic and 
detachment. Given this, it is not hard to see why increase in applied load resulted in the decrease in the friction 
coefficient and an increased wear rate. The Jute/PP composite exhibited plowing, crack formation and detachment, 
fracturing of fiber and matrix. 
 
At higher applied load of 30N, the worn micrographs depict images with damage features very different from those 
observed in results of tests at a lower applied load. The surface of the composite shows resinous regions that appear 
to be softened and deformed, particularly, at extended sliding distances, in the condition where there is better 
adherence of fiber and matrix there is less debonding. From this it is possible to conclude that the effect of applied 
load on wear behavior is higher than the other parameters. The micrograph of worn neat polypropylene depicts 
images of matrix softened and deformed by high temperature between the specimen and sliding counterface (disc), 
at high applied load 30N, deformed, softened and rubbed matrix has been clearly seen. 
 
 
 
 
 
Figure 7. Micrograph of worn Jute/ PP composite specimen at  a)10N and 3m/s; b)20N and 2m/s; c) 30N and 1m/s. 
4. Conclusions 
In the present experimental investigation, woven Jute fabric fibre reinforced PP composites were fabricated. The 
sliding behavior of the developed composites was analyzed. SEM results of the developed composites substantiate 
their wear behavior. The following conclusions can be drawn. 
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1. Reinforcement by a natural fiber had little effect on the average friction coefficient of PP polymer. Still, there 
was a reduction in the maximum value of the friction coefficient for the fabricated composites compared with 
that of the neat PP.A considerable improvement in the wear rate of PP was recorded, particularly at higher loads.  
2. The addition of wovenJute fabric into PP matrix increases the wear resistance properties of polypropylene based 
composites by 3.5-45% reduction in the coefficient of friction values. 
3. The incorporation of woven Jute fabric as reinforcement into PP matrix show more than 65% reduction in SWR.  
4. The wear mechanism of Jute/PP composite may be explained as ploughing, crack formation and detachment 
fracturing of fiber and matrix 
5. Finally, given it’s low-cost, one can see the huge potential of fabricated Jute/PP composite for a number of 
applications, such as tribological components for artificial human joint, shoe soles, automobile brake pads and 
surface flooring etc. 
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